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[57] ABSTRACT 
The process consists of introducing into the silicon-con 
taining layer at the same time as silicon deposition, 
another element of column IVa of the periodic classi? 
cation in a proportion equal to or below 5% of the 
number of silicon atoms and greater than 0.1%. Ac 
cording to a preferred variant, this element is germa 
nium. Deposition takes place at a temperature close to 
the crystallization temperature T. The process can com 
prise a subsequent phase during which the deposited 
layer undergoes heat treatment in an atmosphere of a 
plasma containing hydrogen or one of its isotopes at a 
temperature below the crystallization temperature T of 
the layer. 

8 Claims, 3 Drawing Figures 
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PROCESS FOR PRODUCING A LAYER 
CONTAINING SILICON 

BACKGROUND OF THE INVENTION 

The present invention relates to a process for produc 
ing semiconductor devices comprising a silicon layer. 
The invention more particularly applies to the manufac 

5 

ture of photoelectric conversion devices, such as photo- 10 
voltaic cells. 
Such semiconductor devices generally have a multi 

layer structure, comprising at least one p-n boundary or 
a metal-semiconductor contact. The most frequently 
used basic semiconductor material is silicon. The semi 
conductor material layers are produced by methods 
involving the deposition in thin layer form on a sub 
strate, which in particular ensures the mechanical per 
formance of the device. 
On depositing a silicon ?lm on a non-crystalline sub 

strate, such as silica glass by any known process a 
monocrystalline layer is not obtained. The layer ob 
tained has in fact a polycrystalline or amorphous struc 
ture, as a function of the deposition conditions and par 
ticularly the temperature under which deposition takes 
place. 

In polycrystalline layers, there are grain boundaries 
between the various crystals, which have the effect of 
impairing the electrical qualities of the semiconductor 
layer. If the layer is not highly n or p doped, its conduc 
tivity is generally well below that of the corresponding 
crystal. Moreover, the conductivity depends on the 
temperature according to an exponential function, 
which is a major disadvantage in numerous applica 
tions. One explanation which has been proposed for this 
phenomenon is based on the existence of potential barri 
ers at the grain boundaries, which have to be overcome 
by the carriers in order to be transported through the 
semiconductor layer. Finally, in polycrystalline form, 
silicon only has a limited light absorption, so that the 
minimum thickness of the layer to be deposited for 
obtaining an adequate ef?ciency is several dozen mi 
crons. However, one of the main factors limiting the 
production of photovoltaic devices is the cost. In order 
to reduce cost, it is consequently desirable to use layers 
having a minimum thickness and of approximately only 
one micron. For this purpose, it has been proposed to 
use silicon in amorphous form, its optical absorption 
being signi?cantly higher than that of crystalline sili 
con. 

However, in general, amorphous silicon has inferior 
electrical conductivity characteristics to crystalline 
silicon, even in the case of using processes of the type 
described in French Patent Application No. 77 17 245, 
?led on June 6th 1977 and published as US. Pat. No. 
2,394,173 and European Patent Application No. 80.401 
051.0 ?led on July llth 1980 and published as Ser. No. 
002,4378, which lead to improvements in these charac 
teristics. 

BRIEF SUMMARY OF THE INVENTION 

The process of the invention makes it possible to 
obtain semiconductor layers of limited thickness having 
the light absorption qualities inherent in amorphous 
silicon, whilst retaining a very good electrical conduc 
tivity. 
The invention therefore relates to a process for pro 

ducing a layer containing silicon by deposition on a 
support, wherein it comprises the introduction during 
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2 
deposition of at least one other element of column IVa 
of the periodic classi?cation in a proportion equal to or 
below 5% of the number of silicon atoms and equal to 
or greater than 0.1% of the number of silicon atoms and 
wherein the deposition temperature is chosen from a 
predetermined temperature range, whose lower limit is 
equal to the crystallization temperature T of the said 
layer. 
The invention also relates to a photoelectric conver 

sion device comprising at least one layer containing 
silicon deposited on a support and obtained by this 
process. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention is described in greater detail hereinaf 
ter relative to non-limitative embodiments and with 
reference to the attached drawings, wherein show: 
FIG. 1 diagrammatically, an apparatus permitting the 

deposition of layers according to the invention. 
FIG. 2 a comparative diagram showing the electrical 

conductivity properties of the layers obtained accord 
ing to the invention compared with layers produced by 
a prior art process. 
FIG. 3 an example of _ a photoelectric conversion 

device comprising a layer produced by the process of 
the invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

The object of the invention is to obtain silicon layers 
produced by the thin layer or ?lm deposition method. 
These layers retain the good light energy absorption 
properties of amorphous silicon and have an improved 
electrical conductivity. It has been found that this ob 
jective can be achieved by introducing a small quantity 
of at least one element differing from silicon during the 
deposition process. This element serves to reduce the 
effect of the grainboundaries. This element must not 
appreciably modify the properties of the silicon inde 
pendent of those due to the granular structure. For 
example, it must not lead to a doping effect or a signi? 
cant modi?cation in the width of the forbidden band 
due to an alloying effect. These conditions can be simul 
taneously ful?lled by using an element of column IVa of 
the periodic classi?cation (carbon, germanium tin or 
lead) in proportions between 0.1 and 5% of atoms of 
said element compared with the number of silicon 
atoms. A particularly interesting element is germanium. 
A process which can be used for producing a semi— 

conductor layer containing silicon revealing the advan 
tages 0f the invention will now be described in non 
limitative manner. This process comprises at least one 
deposition stage by the thermal decomposition of a 
gaseous mixture. 
An apparatus for carrying out this deposition will 

?rstly be described relative to FIG. 1. FIG. 1 diagam 
matically shows a reactor comprising a vertical reaction 
chamber and having the following components: 

a circular graphite susceptor 1 covered with silicon 
carbide and resting on a quartz pedestal (not shown in 
the drawing), said susceptor-pedestal assembly rotating 
at a typical speed of 0 to 30 rpm; 

a winding comprising a spiral choke 2 located in a 
plane parallel to the susceptor 1 and inductively cou 
pled thereto, the choke being connected to a high fre 
quency generator 6 operating at 400 kHz and having a 
power of 25 kW; 



4,344,984 
3 

a quartz skirt 13 insulating the choke from the reac 
tion chamber; 

a quartz bell 4 resting on a quartz base 5, the system 
de?ning the volume of the reaction chamber; 

an injector 7 located in the centre of the susceptor 
and permitting the introduction of the gases G to be 
decomposed into the reaction chamber, said gases being 
discharged through the bottom of the reactor by means 
of ori?ces 8. 
The gas ?ows are measured in conventional manner 

by means of ball-type ?owmeter tubes equipped with 
stainless steel bellows valves. On susceptor 1 are shown 
devices which are being produced and which are given 
the reference numeral 30. These devices comprise at 
least one substrate on which will be deposited one or 
more layers in accordance with the process of the in 
vention. Bell 4 can also have observation windows 
making it possible to measure the temperature of these 
devices 30 by means of infrared measuring devices. All 
these arrangements are well known to the Expert. 
The method used for deposition purposes is also 

known per se. It consists of gaseous phase deposition 
under atmospheric pressure and involves a thermal 
decomposition of silane (SiH4) which is the silicon 
source. The silane is mixed with argon or hydrogen, the 
latter gas giving better results, the volume proportion 
being 90% nitrogen or argon and 10% silane. The mix 
ture may contain a third gas supplying the dopant, e.g. 
arsine for arsenic, diborane for boron or phosphine for 
phosphorus. The proportion of the latter gas compared 
with the silane must be regulated very accurately, as a 
function of the degree of doping which is required. This 
proportion typically varies between 10-6 to 10-3 mole 
cules of doping gas per silane molecule. The substrate 
on which the silicon-containing layer is deposited is 
dependent on the structure of the electronic device to 
be produced. The preliminary treatment of the sub 
strates does not fall within the scope of the invention 
and will not be described. The deposit increases at a 
speed of approximately 1 pm per hour. 

In order to illustrate the invention, the electrical con 
ductivity characteristics of a layer produced according 
to the process of the invention, ie. in which an element 
of column IVa has been introduced in the proportions 
given hereinbefore, have been compared with the elec 
trical conductivity characteristics of a layer not con 
taining said elements, i.e. a layer deposited by a prior art 
process. To permit this comparison, several layers were 
produced at different deposition temperatures, the other 
parameters being identical. A ?rst series of layers was 
produced by decomposing a gas comprising hydrogen, 
silane (SiH4) and phosphine (PH3). A second series of 
layers was produced by decomposing a gas comprising 
the same elements and to which was added germane 
(GeH4), the molecular proportion being 104 molecules 
of silane per molecule of germane. This molecular pro 
portion leads to approximately 1% germanium atoms 
compared with the number of silicon atoms in the de 
posited layer. The proportion was measured by 
AUGER spectography. This proportion falls within the 
range referred to hereinbefore (0.1 to 5%). The electri 
cal conductivity in Ohmscm-l of these various layers 
was measured as a function of the deposition tempera 
ture. The results of these measurements are given in the 
graph of FIG. 2. The scale of the conductivities is a 
logarithmic scale. 
For deposition temperatures of approximately 600° 

C., the silicon obtained is amorphous and the electrical 
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4 
conductivity is low. The temperature at which crystalli 
zation starts is approximately 630° C. and conductivity 
is then signi?cantly increased. The crystallization tem 
perature can be de?ned by the known method of dif 
fracting X-rays by a layer of material. Thus, it is known 
that a monocrystalline layer produces a regular diffrac 
tion grating as a result of the cubic diamond-type struc 
ture of the crystals. In the case of an amorphous layer, 
it is only possible to distinguish characteristic halos of 
the tetrahedal arrangement of the atoms. On observing 
the diffraction pattern, obtained for deposits made at 
increasing temperatures for low temperatures, the pat 
tern is formed from the halos referred to hereinbefore, 
the layer being amorphous. As from a certain tempera 
ture T, which hereinafter will be called the crystalliza 
tion temperature, there is seen to be a progressive modi 
?cation of the halos in the sense of a contraction or 
narrowing. The halos tend to be transformed into nar 
row diffraction lines characteristic of a given crystal. 
This modi?cation can easily be observed and makes it 
possible to accurately de?ne the crystallization temper 
ature T. Under given deposition conditions, more par 
ticularly de?ned by the structure of the reactor, in 
which decomposition takes place and by the composi 
tion of the gaseous mixture, the crystallization tempera 
ture is equal to the temperature T de?ned as hereinbe 
fore. For pure silicon, it is equal to approximately 630° 
C. It has been found that for temperatures up to 50° C. 
above said temperature T, the optical absorption coef? 
cient varies little and is therefore close to that of an 
amorphous layer deposited at a low temperature. More 
over, for deposition temperatures included in this tem 
perature range, the layer obtained is very homogeneous 
and there is a continuous distribution of defects, particu 
larly unformed chemical bonds. 
On referring again to FIG. 2, it can be seen that the 

two electrical conductivity curves pass through a maxi 
mum for a temperature included in the given range. In 
addition, the layers produced according to 'the process 
of the invention, i.e. with the introduction of an element 
of column IVa, in the present case the element being 
germanium, has a very signi?cantly improved conduc 
tivity. For example, for a deposition temperature of 
640° C., the relationship between the conductivities of 
the layers obtained without germane and the layer ob 
tained with germane is 1.4 103. For a temperature of 
700° C. (maximum of the conductivity curve of the 
layers obtained by deposition with germane) the rela 
tionship is 2.8 102. Thus, the invention leads to a signi? 
cant improvement in the electrical conductivity of the 
silicon-containing layers. 

This experiment has also revealed another very im 
portant property showing that the process of the inven 
tion is of particular interest for the production of photo 
voltaic cells. The layer deposited at 645° C. and whose 
conductivity is close to the optimum has a high optical 
absorption close to that observed for the amorphous 
state. For higher temperatures (>680° C.) the layer 
again becomes highly transparent, as is the case with 
conventional polycrystalline silicon. For example, for a 
wavelength of 0.6 pm, the optical absorption coef?cient 
is approximately 4 104 cm*1. This coef?cient can be 
compared with that of the amorphous state (deposition 
at 600° C.) which is approximately 5 104cm-1, whereas 
that of a typical polycrystalline layer is 5 103 cm— 1. This 
coef?cient makes it possible to produce photoelectric 
conversion devices, e.g. photovoltaic cells, whose sili 
con-containing layer has a thickness equal to or below 
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10-4 cm. In the case of a conventional. polycrystalline 
layer, this would lead to verylow energy ef?ciencyin 
view of the fact that few photons from the solar spec 
trum would be absorbed in‘such a device. The high 
optical absorption== of the amorphous phase makes it 
possible to produce such photovoltaic cellsin ,thin layer 
form, but the ef?ciencies of these cells are reduced due 
to the mediocre electrical transport properties ‘of the 
amorphous structure. Layers deposited at a temperature 
of approximately 650° C. by the process of the invention 
consequently make it possible to obtain electrical. prop 
erties well~above those of amorphous layers,- whilst 
retaining similar optical absorptions. 
The invention is not limited to the layer deposition 

process described hereinbefore. It is also possible to use 
chemical vapour deposition processes (C.V.D. pro 
cesses) either under pressure or under plasma, as well as 
the co-atomization process. In addition, silicon hydrides 
can be used in place of silane. 

It has been stated in the introduction to the present 
description, that the electrical conductivity of the sili 
con in the amorphous state could be improved by using 
certain processes and particularly that described in Eu 
ropean Patent Application No. 80 401 051.0. This pro 
cess for the deposition of a layer containing silicon 
comprises a ?rst stage of depositing the layer by the 
chemical decomposition of a gaseous mixture contain 
ing silane at a temperature close to the crystallization 
temperature and a second stage during which this de 
posited layer is treated in a hydrogen plasma at a tem 
perature below the crystallization temperature. The 
deposition process used in the present invention can be 
identical to the ?rst stage of the process described in the 
above European Patent Application, except that an 
element of column IVa of the periodic table is added in 
the speci?ed proportions to the silicon of the deposited 
layer. The process of the present invention also differs 
by the selected deposition temperature, whilst the sili 
con obtained by the aforementioned application must be 
in the amorphous state. The good conductivity of the 
silicon layer obtained by the process of the invention 
can be further improved by treating the deposited layer 

. by a method identical to that of the second stage of the 
aforementioned application. For this purpose, the de 
posited layer is treated in a plasma of hydrogen or one 
of its isotopes or a mixture thereof. The treatment is 
performed at a temperature of approximately 350° to 
450° C., which is below the crystallization temperature 
T and serves to introduce hydrogen atoms into the 
unestablished chemical bonds in order to passivate the 
deposited layer. For example, a layer with a thickness of 
approximately 1 pm was produced by the process of the 
invention by the chemical decomposition of a gaseous 
mixture constituted by silane, phosphine and germane 
diluted in hydrogen. The deposition temperature was 
645° C. and the time necessary for performing deposi 
tion was approximately 1 hour. The measured electrical 
conductivity of the layer was 2.5 Ohms.cm— 1. On refer 
ring once again to FIG. 1, a layer produced with the 
addition of germane, but without a subsequent treat 
ment under plasma, has an electrical conductivity of 
approximately 1.2 10-1 Ohms.cm_1. Thus, treatment 
under plasma leads to an additional improvement to the 
conductivity in a ratio of approximately 20 in the pres 
ent case. 

In all cases, the silicon-containing layers obtained by 
the process of the invention, even without the afore 
mentioned supplementary stage, make it possible to 
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6 
obtain a good energy ef?ciency when used in photoe 
lectric conversion. 
As a non-limitative embodiment, a solar cell of the 

typecornprising a metal-silicon junction is shown in 
FIG.’ 3. Solar cell 30 comprises a metal substrate 31 
ensuringthe mechanical rigidity of the assembly. Mate 
rials which can be used are aluminium, chrome, stainless 
steel arid iron. A silicon-containing layer 32 is deposited 
on’ the upper face of the metal substrate 31 by means of 
the process of the invention. As stated hereinbefore, the 
thickness of this layer can be approximately 0.5 to 1 pm. 
In addition to silicon, e. g. germanium atoms have been 
introduced in the indicated proportion, i.e. in the range 
of 0.1 to 5% of germanium atoms. In addition, type 11 
impurities have been introduced in a given proportion 
by incorporating phosphine into the gas introduced into 
the reactor of FIG. 1. The silicon-containing layer 32 is 
then covered with a thin metal ?lm 33, e.g. of platinum, 
which remains transparent to the solar rays to which 
layer 32 is exposed as a result of its thinness. The inter 
face between 32 and 33 forms a Schottky type junction. 
Photons traverse the metal ?lm 33 substantially without 
being absorbed. However, they are absorbed by the 
silicon-containing layer 32 which, as stated hereinbe 
fore, can have an absorption coef?cient of approxi 
mately 4 104 cm-1 for a wavelength of 0.6 pm, so that 
for a layer 32 of thickness 1 pm, the radiation portion 
absorbed differs only slightly from unity. The photons 
absorbed generate electron-hole pairs which are disoc 
ciated in layer 32, thus freeing electrons which can 
circulate towards ?lm 33. The device of FIG. 3 is com 
pleted by the addition of a metal grid 34 forming the 
electrode and made from a metal which is a good elec 
trical conductor. The grid can, for example, be consti 
tuted by two parallel rows of wires, the wires of the ?rst 
row being arranged orthogonally to those of the second 
row. The surface occupied by this electrode can be 
reduced to the minimum and can, for example, be ap 
proximately 5 to 10% of the useful surface of the de 
vice. This grid forming the electrode serves to uni 
formly collect the current circulating in ?lm 33 with a 
low electrical resistance. Finally, an anti-re?ection sur 
face coating 35 is deposited on ?lm 33 enveloping the 
grid forming electrode 34. As is well known in the art, 
the thickness e of this coating is linked with the wave 
length by the following equation: 

in which 7t is the wavelength of the light radiation to be 
converted and n is the optical refraction index of coat 
ing 35. In the case of a wide spectrum an average wave 
length value will be chosen. When the device is illumi 
nated, it is possible to obtain an electrical current which 
is proportional to the illumination by connecting the 
grid forming electrode 34 on the one hand and conduc 
tive substrate 31 on the other to a not shown external 
load circuit. 
What is claimed is: 
1. A process for producing a layer containing silicon 

by deposition on a support, wherein it comprises the 
introduction during deposition of at least one other 
element of column IVa of the periodic classi?cation in 
a proportion equal to or below 5% of the number of 
silicon atoms and equal to or greater than 0.1% of the 
number of silicon atoms and wherein the deposition 
temperature is chosen from a predetermined tempera 
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ture range, whose lower limit is equal to the crystalliza 
tion temperature T of the said layer. 

2. A process according to claim 1, wherein the depo 
sition temperature is chosen in a range, whose lower 
limit is T and whose upper limit is T+50° 

3. A process according to claim 1, wherein the ele 
ment of column IVa of the periodic classi?cation is 
germanium. 

4. A process according to claim 1, wherein the depo 
sition takes place in the gaseous phase by chemical 
decomposition of a gaseous mixture comprising at least 
one silicon hydride. 

5. A process according to claim 4, wherein the silicon 
hydride is silane. 15 
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6. A process according to claim 4, wherein the said 

gaseous mixture also comprises germane in such a way 
that germanium can be introduced into the layer during 
deposition. 

7. A process according to claim 4, wherein the gase 
ous mixture also comprises a gaseous composition of a 
type n or p doping element. 

8. A process according to claim 1, wherein it com 
prises a stage following the deposition during which the 
silicon-containing layer and an element of column IVa 
of the periodic classi?cation undergoes heat treatment 
in the presence of a plasma containing hydrogen or one 
of its isotopes, the treatment temperature being below 
the crystallization temperature T. 

i it it * ll‘ 


